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Abstract: -  Human neurocysticercosis is a major public disease problem currently affecting many Latin-
American countries. Its proper diagnosis depends on the correct interpretation of the patients’ clinic symptoms. 
However, the diversity of such symptoms, makes it hard to diagnose the disease solely with this information. 
Current procedures consider additional information provided by radiology studies and immunology tests which 
try to detect the presence of cysticercus antibodies. Despite of these efforts, such approaches suffer from several 
drawbacks: they are not totally  reliable, they can be painful or dangerous and they can be expensive and 
therefore frequently unreachable for rural populations. The analysis of the so called Western Blot images, a 
specific immunology test, has become an effective tool in the diagnosis of other diseases such as HIV. However, 
the pattern of this test associated with neurocysticercosis has not yet been found. The work presented here 
extends some of the results obtained previously by the authors, this time taking into account the statistical 
features of the sampled data and incorporating such features into the objective function. The approach encodes 
explicitly the desired balance of sensitivity and specificity giving as a result a substantial improvement in the 
performance of the genetic classification method.   
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1   Introduction 
 
Neurocysticercosis is one of the most frequently 
found parasitic diseases of the human nervous 
system. It is in fact a serious public health problem in 
several countries, namely Latin America, Africa and 
Asia [5], although other countries like United States 
are also affected due to its large migration rates from 
countries in these areas.  
          It is estimated that more than 50% of living 
patients with the disease have never presented any 
symptoms [1]. This characteristic makes the detection 
of this disease very difficult and in some cases 
useless when detected in a late stage. Current 
statistics show that some countries (e.g. Mexico)   
show mortality rates up to 50% due to this factor, the 
disease was not detected and as a consequence no 
treatment was received [10]. 
     Great efforts have been given by health authorities 
in order to devise methods for the diagnosis of this 
disease.  Several approaches have been proposed 
namely: computer axial  tomography, magnetic 
resonance imaging, analysis of spinal fluid and some 
immunological tests [1]. However, no one of such 
methods provides a good rate of diagnostic 
effectiveness [13]. On the contrary, sometimes the 
diagnosis falls into the subjective analysis provided 
by an experienced specialist.  Other methods have 
also been used such as the spinal fluid complement 
fixation test, the hemagglutination test and the 
enzyme-linked immunoabsorbent assay (ELISA) with 
the same non satisfactory response. 
     It is then clear the strong need for developing a 
more precise diagnostic criterion. One that could help us to determine the presence of the parasite in the 
human body, that could help us to compare 
epidemiological studies, evaluate new therapeutic 
approaches, that can be reachable to all the 
population and of course that can avoid diagnostic 
pitfalls [5] . Such  a diagnostic criterion would 
increase the probability to detect (in an early stage) 
the disease in a wider sector of the population, 
avoiding the dangerous and painful spinal fluid tests, 
or the expensive tomography and magnetic resonance 
methods. In summary a cheaper and safer method for 
diagnosis.    
     The  work  presented  here  continues  the  one 
presented in [8] and [12] where the use of a genetic 
approach  was proposed  in order to find a pattern that 
could be used to diagnose the presence of the parasite 
in a human body. These results based on the Western 
Blot  test  were encouraging compared with current 
detection methods as ELISA. In this work an 
extension of such research work has been conducted, 
this time taking into account the statistical features of 
the sampled data and incorporating such features into 
the objective function The approach encodes 
explicitly the desired balance of sensitivity and 
specificity giving as a result a substantial 
improvement in the performance of the genetic 
classification method. It also proposes a migration 
criterion for increasing the convergence rate of the 
algorithm. This has improved substantially the quality 
of the pattern found.  
     Section 2 describes the procedure for obtaining the 
Western Blot images. Section 3 describes the Genetic 
Approach including its function definition and 
parameters used. Section 4 defines the experiments 
set-up. Section 5  presents the results and analysis. 
Finally some conclusions of the work up to the 
current stage are given in section 6. 
 
 
2 Western  Blot  Images 
The use of the Western Blot method is of great value 
in the analysis of antigen mixtures. It combines the 
fine resolution of polycrylamide gel electrophoresis 
with the high sensitivity of antibodies coupled to 
tracers [14]. The WB test, also known as immunoblot, 
detects antibodies in the patient’s serum, which react 
with the specific proteins of a particular disease. 
Placing the proteins vertically on a strip of film 
performs the test, serum is then added and the 
existing antibodies will bind to the antigens. At this 
point, a detection enzyme is incorporated which 
latches on to the antibodies. As a final step, a 
chemical is used in order to change the colour when it 
comes into contact with the protein-antibody-enzyme 
layers. 
     It is important to point out that the Western Blot 
test is not always perfect. Errors may occur in the test 
readings due to different reasons; It is not systematic; 
that is, the test readouts and decisions are not taken 
automatically. Instead a laboratory technician reads 
the degree of intensity of the variety of bands present 
on a litmus paper, therefore, the test interpretation  is 
limited by the subjectivity of the human eye and the 
lighting in the laboratory. 
          On the other hand, the Western Blot images 
represent the digital version of the Western Blot test, 
which are obtained scanning photographs of the tests 
sets and using an intensity normalization technique. 
The analysis of such images will allow us to obtain 
more information about a patient’s immunological 
response [15]. 
          The process described suggests that there are 
many factors that can affect the appearance of the 
Western Blot images, such as the patient's immune 
response, the quality of the material used and the time 
of the test reaction, among others. As a consequence, 
images from patients with the disease could be 
different (see figure 1) . This has given as a result that 
there is not known pattern (as in the case of HIV) for 
the detection of neurocysticercosis.  
     In the genetic approach described in this paper we 
used not only information about patients with the 
disease (confirmed) but also we take advantage of 
information provided by patients with other diseases 
or not disease at all. 
 
 
 
Figure 1.  Western Blot images of 
patients with  confirmed 
Neurocysticercosis. 
   
 
3 Genetic  Approach 
The work proposed utilizes a Genetic Algorithm that 
in general terms is a stochastic global search 
procedure based on the mechanics of natural 
evolution involving a structured information 
exchange [16].  
     In [12] the authors found a pair of Western Blot 
Images to support the diagnosis of neurocysticercosis. 
The first image with characteristics of images 
belonging to patients with the disease and the second 
image with information about patients with other type 
of diseases. Results showed that the patterns obtained could classify the sampled data with rates up to 89% 
specificity (i.e. the system’s ability to avoid 
confusing the neurocysticercosis with other diseases) 
and 100% sensitivity (the system’s ability to detect a 
patient with neurocysticercosis). Although these 
result were superior to those obtained by traditional 
tests as ELISA, the experiments were conducted 
considering all the samples as training and testing 
data.  
     The  approach  presented  here  includes  other 
considerations. First, there is a new definition of the 
objective function aiming to incorporate the statistics 
of the disease prevalence amongst the supplied tests 
of the  two types of data (with the disease and with 
other diseases). This in principle would encode 
explicitly the desired balance of sensitivity and 
specificity improving the performance of the genetic 
classification method. 
     For this purpose we have used the linear logistic 
model  [4] which has the ability to model very 
precisely the probability of success Pi  in n binomial 
observations. It works with a combination of a β 
series with k explanatory variables of such 
observations. That is: 
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     For observations with k explanatory variables, we 
can obtain ( k + 1) β’s, which should be previously 
estimated in order to fit  the linear logistic model to a 
given set of data. This estimation makes use of the 
maximum likelihood method which is given by: 
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     This likelihood depends on the unknown success 
probabilities pi which in turn depend on the β s 
through  equation 1, and so the likelihood can be 
regarded as a function of β .  The problem then 
reduces to obtain those values β 0 , β 1 , … , β k  
which maximize L(β ). This has been solved using 
Genetic Algorithms. 
 
 
3.1 Problem  Formulation 
Using the linear logistic model described the 
objective function has been defined as:  
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where: 
n is the number of patients 
with neurocysticercosis. 
m is the number of patients 
with other diseases or no 
disease at all.     
ai  is 1,  if it detects the 
disease for sample i within 
the group of patients with 
the disease,  
                     0 otherwise  
bi  is 1 if it does not give 
false-positives for sample j 
within the group of patients 
with other diseases,  
                     0 otherwise.  
C is a constant which 
assigns a better score to 
patients with the disease. 
 
          Once the objective function was defined, a 
database of 201 Western Blot images has been used.  
49 images are known to be neurocysticercosis 
positive and 152 are known to have other 
neurological diseases or no disease at all. Each 
Western Blot image has a resolution of 767 pixels 
coded with values ranging between 0 and 255, each 
value defining a gray level in the original band. 
     As a result, the objective function defined allow to 
evaluate in a direct manner, the sensitivity and 
specificity of the pattern found for the disease. The 
best individual will score 201 successes (100% 
sensitivity, 100% specificity) and the worst will score 
201 failures (0% sensitivity, 0% specificity). As a 
criterion, we have defined as more expensive to fail 
detecting the disease than to indicate a false-positive. 
 
 
3.2 GA  Parameters 
We have used a Parallel GA runing a maximum of 
2000 generation for finding the β s that define the 
classification. 8 sub-populations have been used with 
100 individuals with a migration rate of 5% each 
generation. Each sub-population sends emigrants to 
the following 4 sub-populations and receives 
immigrants from the previous 4 [2][3], see figure 2. 
The PGA uses a stochastic universal selection, a real 
coding and a discrete recombination scheme with 
crossover probability of 1 and mutation probability of 
0.4 [7]. 
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Figure 2.  PGA topology. 
 
 
4  Experimental Set-up 
As stated previously, each individual in the 
population can be defined by n β’s which are 
combined with the variables of the 201 samples. Each 
sample is composed of 767 variables with values 
ranging between 0 and 255 representing gray levels 
in each pixel in the Western Blot strip. 
          For test 1 we used the 201 samples to find the 
disease pattern and the same 201 samples to test it.  A 
total of 10 runs were with different variables were 
conducted in order to determine how sensitive (in 
terms of performance) the method would be when 
reducing the number of variables (767) in the 
digitized Western Blot image.  Table 1 and figure 2 
show that reducing the number of variables up to 191 
does not affect the performance of the method but 
reduces 4 times the processing time. 
     Once identified the interval, two more tests were 
conducted.  For test 2, we used 70% of the 201 
samples randomly to find the pattern and we used all 
the samples to evaluate it. Finally for test 3 we used 
70% of the 201 samples randomly to find the pattern 
and we used the 30% to test it.  
     In order to have a comparison figure we also run 
the standard linear logistic model with the same 
parameters as in test 3 (70% random for the pattern, 
30% for testing it). 
 
 
5  Results and Analysis 
Results obtained in the 3 tests conducted show the 
following. For test 1 (see table 1), it has been shown 
that the sensitivity and specificity has not been 
affected when reducing the number of pixels to 
define the patterns. Remarkable results have been 
obtained with up to 100% sensitivity and 97% 
specificity.  
 
 
 
Table 1. Results for Test 1:  all samples used to find 
the pattern and to test it. 
 
     For test 2 , using 191 values of the Western Blot 
images we obtained an average of 94% sensitivity 
and 95 specificity, very good results provided  that 
only 70% of the samples were used randomly for 
obtaining the pattern. It is clear that Test 1 and 2 are 
not significant cases but are included to show the 
behavior of the approach end for comparison 
purposes. 
 
 
Figure 3.  Graphic results (table1).  
 
     For test 3, using again 191 values of the Western 
Blot images, we obtained an average of 79% 
sensitivity and 96% specificity, quite good if we 
consider this as a blind test (we used 70% of the 
samples randomly  to get the pattern and used the 
30% samples left to test  it). 
          These tests were also applied to a commercial 
statistical package, specifically using the linear 
logistic model under the same conditions described 
with the following results. Test 1: 100% sensitivity, 
100% specificity.  Test 2:  92% sensitivity  89% 
specificity. Test 3: 71% sensitivity , 64% specificity.            It is clear that the statistics package classify 
perfectly when using all the samples but it has a 
poorer performance than the PGA’s when working 
with blind data. On the other hand the PGA classifies 
almost perfect with known data and keeps a good 
effectiveness in the blind test.  Figure 3 shows a 
summary of the results for comparison purposes in 
each of the test conducted with both methods PGA 
and Maximum Likelihood Estimation (statistics 
package). 
     On the other hand, results obtained by the ELISA 
method  [11] using a spinal fluid test (dangerous and 
painful) present 87% sensitivity and 95% specificity 
but when using blood obtains a 50% sensitivity and 
70% specificity. 
 
 
Figure 4.  Results Summary. 
 
 
6  Conclusions 
Neurocysticercosis is a serious public health problem 
in many countries. Its current detection and treatment 
can be painful dangerous and expensive and 
sometimes can only be detected in a very late stage 
(proved post-mortem). It is then desirable to develop 
a method that could aid to the early detection of the 
disease and most important that could be reachable to 
all the population as a precise, safe, easy and low-cost 
laboratory test. This work have presented a Genetic 
approach based on the analysis of Western Blot 
images which is currently used for the confirmation 
of other diseases such as HIV. 
     Previous work conducted by the authors defined a 
set of patterns for the detection of the disease 
obtaining results up to 100% sensitivity and 89% 
specificity. However the patterns included all 
sampled data for obtaining such patterns. 
     In this work an extension of such research work 
has been conducted, this time taking into account the 
statistical features of the sampled data and 
incorporating such features into the objective 
function The approach encodes explicitly the desired 
balance of sensitivity and specificity giving as a 
result a substantial improvement in the performance 
of the genetic classification method. It also proposes 
a migration criterion for increasing the convergence 
rate of the algorithm.  
     Different experiments have been explored for 
evaluation purposes, including 3 different tests 
ranging from using all data available to using 70% of 
samples chosen randomly  to obtain the pattern and 
30% of samples to test it.  
          Results have shown the effectiveness of the 
approach obtaining nearly perfect classification for 
test 1 (100% sensitivity, 97%specificity) , very good 
classification for test 2 (94% sensitivity, 95% 
specificity) and good results for test 3 (79% 
sensitivity, 96% specificity)) being the latter a blind 
test.  
          For comparison purposes this  work have also 
presented classifications made by a pure statistical 
method (linear logistic model)  (71% sensitivity, 64% 
specificity) and the ELISA´s best results using blood 
(50% sensitivity, 70% specificity). 
          In summary we have shown that the approach 
taken is an efficient, automatic, cheap and safe   
method which is also suitable for large scale studies. 
However, before this method  can be applied it is 
necessary to develop a project involving not just 
engineers and scientists but also the health authorities 
to conduct a large scale controlled study. We 
certainly expect to implement this idea in the near 
future. 
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